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Abstract 
The mechanical properties and economic performance of solar collector have an important influence on solar thermal power 
generation system. The parabolic trough collector with torque-box is taken as the research object in this paper. Firstly, the 
geometric model is established with SolidWorks software. Then, the wind load of collector is simulated with ANSYS CFX 
software in order to achieve the more accurate result. Based on the work above, wind-structure interaction of collector is realized 
taking advantages of Workbench and the maximum deformation of the reflecting mirrors differs with the maximum deformation 
of single physical model about 30.3%. In the end, the cross-section sizes of the beam of torque-box and the cantilever beam are 
optimized based on the mechanical characteristics of variable cross-section beam. The simulation results show that the maximum 
deformation of the reflecting mirrors is reduced about 4.6% and the weight of the collector is reduced about 5.8% compared with 
the initial model. The methods provide the reference for the analysis and optimization of other solar collectors. 
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Introduction 
Although parabolic trough solar thermal power generation technology has been the most mature technology and 
realized commercial operation [1], the cost of solar collector is still the main factor to restrict the development  
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of the technology. The collector is an important part of solar thermal power generation technology and accounts for 
over 30% of the total cost of the system which is different from the conventional power generation technology [2]. 
The reasonable structure design is the main way to improve the performance of collector and reduce the cost of 
system. 
In the 1980’s, the company LUZ had pioneered to develop the LS series collector with space truss structure and 
which has been applied in the United States SEGS parabolic trough solar power station [3]. In the 1990’s, Schlaich 
et al. developed the parabolic trough collector with torque-box called Euro trough. Compared with LS-2 collector, 
the optical and mechanical performances are greatly improved while the weight of steel structure and cost are 
reduced [4-5]. The company Solargenix developed parabolic trough collector with whole aluminum frame which 
size and characteristic parameters follow the LS-2 collector [6]. This collector is not only lightweight but also more 
resistant to corrosion, convenient manufacture and installation. The results of wind tunnel test showed that 
Solargenix collector could meet the goal in terms of resistance to bending and torsion of the LS-2 collector. The 
Spanish company SENER proposed the cantilever arms of parabolic trough collector were made using stamping 
techniques and achieved the goal to reduce the cost [7]. IST (Industrial Solar Technology) with the support of plan 
of the USA national renewable energy laboratory (NREL) adopted galvanized steel instead of the original aluminum 
alloy structure and the thin glass mirror replaced the silver plated aluminum polymer reflector. The improved 
collector is reduced 15% of cost and the system performance improved by 12% [8]. In China, in order to reduce the 
weight of collector and improve the properties of resistance to bending and torsion, the state key laboratory of 
mechanical transmission of Chongqing university, school of mechanical and power engineering of Nanjing 
university of technology and school of mechanical and electrical engineering of Hohai university et al. optimized the 
parabolic trough collector bracket structure with optimization design technology and have obtained some research 
results [9-11]. 
Due to the non-uniform distribution of wind load on collector, in order to achieve the more realistic analysis 
results, wind-structure interaction of parabolic trough collector is studied with the Workbench software. The design 
method of variable cross-section size was proposed to optimize the small parabolic trough collector with torque-box 
and to realize the lightweight of collector and the improvement of concentrating accuracy. 
1. The model of small parabolic trough collector with torque-box   
  The collector is the core component of concentrating solar power generation technology which includes 
parabolic reflecting mirrors, bracket of reflector, driving tracking device, installation bracket and receiver et al. For 
the convenience of subsequent wind tunnel experiment, this paper designs a small parabolic trough collector with 
torque-box. As shown in Fig.1, the collector is 3.1 m long, the parabolic trough aperture width is 2 m and the focal 
length is 1 m. The parabolic reflecting mirrors consist of six pieces of mirror, the size of mirror facets is 1045 
mm×1020 mm×3 mm and has six support points. The section size of torque-box is 450 mm×450 mm. Torque-box is 
designed with L-shaped steel. The initial section size of L-shaped steel is 30 mm×30 mm×3 mm and the initial 
section size of cantilever beam is 30 mm×30 mm×3 mm. At the two ends of the torque-box two man-shaped plates 
are designed to install drive shaft respectively. The bolt is ignored in the model and the parts are connected by 
welding. 
 
Fig. 1 The model of parabolic trough collector structure
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2. The wind-structure interaction analysis 
2.1 The fluid analysis 
The main loads of parabolic trough collector include the load of collector gravity and wind load. In order to 
simulate the actual situation, the wind load on mirror facets of the parabolic trough collector is simulated with the 
CFX module of ANSYS Workbench software and the distribution of wind load of reflecting mirrors under a certain 
wind speed is achieved. Then, reflecting mirrors fluid model is imported into CFX from SolidWorks and the 
dimensions of fluid field are 20 m. The fluid field is meshed with tetrahedral element. The fluid field element size is 
0.1 m and the mirrors element size is 0.01m. Turbulence equation is set as standard ț-ɽ model. The flow medium is 
air which is assumed as incompressible fluid. Wind velocity boundary is applied at fluid inlet and is set to 13.8 m/s. 
The four orientations of the collector aperture are shown in Fig.2.The wind direction is perpendicular to the plane of 
parabolic trough aperture plane (as shown in Fig.2(a)). Pressure boundary is applied at the fluid outlet and is set to 0 
Pa. The four side walls of fluid field adopt slip wall and the surfaces of mirrors adopt the boundary of no slip wall. 
The model is solved by simple algorithm and constant steady solver. 
The wind load distribution of reflecting mirrors at orientations of the collector aperture (a) are shown in Fig.3. 
The Fig.3 shows the maximum wind load focuses on the central area and the wind load decreases gradually from the 
central to the edges. The average pressure of reflecting mirrors surfaces at orientation of the collector aperture is 
106.9 Pa which differs with the theoretical calculation value 119.0 Pa (using Bernoulli equation) about 10.2%. This 
also shows that the wind load simulated with ANSYS CFX software is more accurate than the average pressure. 

Fig.2 The four orientations of the collector aperture 
 
Fig. 3 The wind load distribution of reflecting mirror surface 
2.2 Analysis of wind-structure interaction 
The collaborative simulation environment of ANSYS Workbench software integrates fluid analysis and static 
structure analysis to realize wind-structure analysis of parabolic trough collector. The whole collector model is 
firstly imported into the Static Structure module and material properties are set as shown in table1. With 
consideration of the quantity and quality of the element, the automatic mesh function of the module is adopted. 
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When meshing the element, the relevance is set to 100 and relevance center is set to ‘fine’. The total element 
number is 100406 and node number is 342908. The support structure of mirror and the cantilever beam are coupled 
to transmit load. By connecting CFX module, the calculated wind load and the inertial load are applied into the 
collector. The orientation of the collector aperture is shown in Fig.2(a). The degree of freedom axis x rotation is 
released and others are constraint at shaft hole on one side man-shaped plate. The degrees of freedom axis x rotation 
and axis z rotation are released at shaft hole on other side man-shaped plate because the torque needs to be applied 
at this position. 
The displacement and stress contour of the parabolic trough collector under wind load with gravity and only 
gravity are shown in Fig.4 and Fig.5. As we can see from the Fig.4(a), the maximum deformation appears at the 
center of the mirrors area. Because of the strengthening support of both ends with man-shaped plate, both ends have 
the small deformation. The mechanical properties of parabolic collector under simulated wind load and theoretical 
average pressure are shown in table 2. The maximum deformation of mirrors under the simulated wind load differs 
with the deformation under the average pressure 119.0 Pa about 30.3%. 
Table 1. Material properties of collector and mechanical properties. 
Structure Material Elasticity (GPa) Poisson’s ratio 
Density 
(kg/m3) 
Ultimate strength
˄GPa˅ 
Mirror glass 72 0.2 2500 41.4 
Steel steel 206 0.3 7850 235 
Table 2. The finite element analysis result of collector  
Initial model Total weight (kg) 
Max deformation 
(mm) 
Maximum stress 
(MPa) 
Torsional 
stiffness 
(N•m/rad) 
Flexural stiffness 
(N/m) 
Simulated 
 wind load  172.7 0.329 30.6 11.55e6 3.02e6 
Theoretical 
average pressure 172.7 0.472 26.1 11.55e6 3.02e6 


(a) Wind load and gravity
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
(b) Only gravity 
Fig.4  The contour of deformation 

(a) Wind load and gravity

(b) Only gravity 
Fig.5  The contour of stress 
3. Mechanical optimization 
Torque box and cantilever beam which contribute the most weight of collector provide the support for the 
reflecting mirrors of parabolic trough collector and have a great influence on the torsional stiffness and flexural 
stiffness. In the paper, the weight of torque box and cantilever beam account for about 63% of overall weight. So the 
optimization of torque-box and cantilever beam (as shown in Fig.6) is the main way to realize lightweight structure 
and improvement of stiffness. The collector is divided into four short segments and three long segments. The 
strengthened beam of each segment has different cross-section size. The cross-section size of the strengthened 
beams at the ends of the collector is larger than the middle segments forming a collector with characteristics of 
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variable cross-section. The cross-section size of beam is chosen according to the China national standard. The 
schemes of cross-section sizes of the segments and its corresponding simulation results are shown in table 3.   
The results show that the combination of cross-section size has great influence on the mechanical properties of 
parabolic trough collector. Compared with the initial model, the maximum stress of scheme 7 is reduced by 15.4%; 
the total weight is reduced by 5.8%; the deformation of the mirror is reduced by 4.6% and all the performance of 
collector are improved. 

Fig. 6 The cross-section size number of torque box and cantilever beam 
Table 3. The combinations of section size and calculation results 
combination 
factors Max 
deformation 
(mm) 
Max 
Stress 
(GPa) 
Total 
weight 
(kg) 1 2 3 4 5 6 7 
1 25×3 25×3 25×3 25×3 25×3 25×3 25×3 0.345 22.5 156.1 
2 30×3 25×3 20×3 25×3 20×3 20×3 30×3 0.334 30.5 163.4 
3 30×3 25×3 20×3 25×3 20×3 20×3 25×3 0.331 30.0 157.7 
4 30×3 25×3 20×3 25×3 20×3 20×3 20×3 0.327 29.2 152.1 
5 36×3 30×3 25×3 30×3 25×3 20×3 30×3 0.319 27.0 174.0 
6 36×3 30×3 25×3 30×3 25×3 20×3 25×3 0.318 26.0 168.2 
7 36×3 30×3 25×3 30×3 25×3 20×3 20×3 0.314 25.9 162.7 
8 25×3 25×3 25×3 25×3 20×3 20×3 30×3 0.348 22.7 159. 5 
9 25×3 25×3 25×3 25×3 20×3 20×3 25×3 0.343 22.1 153.7 
10 25×3 25×3 25×3 25×3 20×3 20×3 20×3 0.339 21.5 148.2 
Note: In the table3, 25×3 means the side length is 25 mm and thickness is 3 mm of L-shaped steel. 
4. The orientation of the collector aperture 
Considering the influence of orientation of the collector aperture, the wind-structure interaction analysis of 
parabolic trough collector was taken under other three orientations of the collector aperture (as shown in 
Fig.2((b),(c),(d))). The results of initial model and optimized model are shown in table 4. The deformation of the 
optimized model is reduced about 4.6%ǃ4.1%ǃ3.1% compared with the deformation of initial model under the 
orientation of the collector aperture (a)ǃ(b) and (c). The deformation of the optimized model is increased about 0.9% 
compared with the deformation of initial model under the orientation of the collector aperture (d).  
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Table 4. The maximum deformation of initial model and optimized model under different wind conditions 
Model Orientation(a) Orientation (b) Orientation (c) Orientation (d) 
Initial model 0.329 0.241 0.228 0.359 
Optimized model 0.314 0.231 0.221 0.362 
5. Conclusions 
In this paper, the wind load distribution of reflecting mirrors of the parabolic trough collector is simulated with 
ANSYS CFX software. The average pressure of simulated wind load differs with the uniform pressure 119.0 Pa 
about 10%. Based on it wind-structure interaction of parabolic trough collector is analyzed with ANSYS Workbench 
software and the maximum deformation of mirrors differs with the maximum deformation under the average 
pressure about 30.3%. So it shows that the wind load simulated with ANSYS CFX software is more accurate than 
the average pressure. Finally, cross-section sizes of torque-box and cantilever beam are optimized based on the 
mechanical characteristics of variable cross-section beam. The simulation results show that all the performances of 
collector are improved. The maximum deformation of the mirrors reduced about 4.6% and the weight of the 
collector reduced about 5.8% and the maximum stress is reduced about 15.4%. The wind tunnel test of model is now 
being prepared. The methods of wind-structure interaction and the variable cross-section beam provide the reference 
for the analysis and optimization of other solar collectors. 
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